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DETAILED ACTION 

Election/Restrictions 

1. Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-23, drawn to semiconductor integrated circuit device, classified 
in class 257, subclass 329. 

II. Claims 24-56, drawn to a method of forming integrated circuit device, 
classified in class 438, subclass 100+. 

The inventions are distinct, each from the other because of the following reasons: 

2. Inventions I and II are related as process of making and product made. The 
inventions are distinct if either or both of the following can be shown: (1 ) that the 
process as claimed can be used to make other and materially different product or (2) 
that the product as claimed can be made by another and materially different process 
(MPEP § 806.05(f)). In the instant case the product as claimed can be made by another 
materially different process, for example in claim 48, selectively depositing the gate 
electrode layer to form the gate electrode instead of etching portions of the gate 
electrode layer to form the gate electrode. Furthermore the product as claimed can be 
made by another materially different process, for example in claim 24, forming the 
multiple gate transistor without an isolation regions on the sides of the semiconductor 
fin. 

3. Because these inventions are distinct for the reasons given above and have 
acquired a separate status in the art as shown by their different classification, restriction 
for examination purposes as indicated is proper. 
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4. Applicant is advised that the reply to this requirement to be complete must 
include an election of the invention to be examined even though the requirement be 
traversed (37 CFR 1.143). 

5. Applicant is reminded that upon the cancellation of claims to a non-elected 
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one 
or more of the currently named inventors is no longer an inventor of at least one claim 
remaining in the application. Any amendment of inventorship must be accompanied by 
a petition under 37 CFR 1 .48(b) and by the fee required under 37 CFR 1 . 1 7(i). 

6. During a telephone conversation with Steven Slater on 8/13/2004 a provisional 
election was made without traverse to prosecute the invention of group II claims 24-56. 
Affirmation of this election must be made by applicant in replying to this Office action. 
Claims 1-23 are withdrawn from further consideration by the examiner, 37 

CFR 1.142(b), as being drawn to a non-elected invention. 

Drawings 

7. Applicant is required to submit a proposed drawing correction in reply to this 
Office action. However, formal correction of the noted defect can be deferred until the 
application is allowed by the examiner. 

Figures 2a, 2b and 2c should be designated by a legend such as --Prior Art- 
because only that which is old is illustrated. See MPEP § 608.02(g). 

Specification 
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8. The disclosure is objected to because of the following informalities: page 2, 
paragraph [0019] states figure is a plan view of the present invention and at the same 
time figure 1 is labeled as prior art. Appropriate correction is required. 

Claim Rejections - 35 USC §112 

9. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claim 49 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 

for failing to particularly point out and distinctly claim the subject matter which applicant 

regards as the invention. The claimed limitation of an isolation region as recited in 

dependent claim 49 is unclear as to the structural relationship between the isolation 

region and the process recited in independent claim 48. 

Claim Rejections - 35 USC § 102 

10. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in a patent granted on an application for patent by another filed in the 
United States before the invention thereof by the applicant for patent, or on an international application 
by another who has fulfilled the requirements of paragraphs (1 ), (2), and (4) of section 371 (c) of this 
title before the invention thereof by the applicant for patent, 

1 1 . Claims 24, 33, 35-36, 40 and 45-47, are rejected under 35 U.S.C. 102(e) as 
being anticipated by Inaba et al., US patent No. 6,525,403. 

Regarding claim 24, Inaba teaches (fig. 6) a method of forming a multiple-gate 
transistor, the method comprising: providing a bulk semiconductor substrate (11); 
forming a semiconductor fin (11a, substrate projection region) in the bulk semiconductor 
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substrate; forming isolation regions (12) on sides of the semiconductor fin (11a); forming 
a gate dielectric (13) and a gate electrode (14) on a portion of the semiconductor fin, the 
gate electrode having a bottom surface (portion of the gate resting on 12); and forming 
a source region (15) and a drain region (16) in the semiconductor fin, the source region 
having a source-substrate junction (region where source region meets the substrate) 
and the drain region having a drain-substrate junction (region where drain region meets 
the substrate), the source-substrate junction or drain-substrate junction being higher 
than the bottom surface of the gate electrode. 

Regarding claim 33, Inaba teaches the entire claimed process of claim 24 above 
including the semiconductor fin comprises silicon (col. 4, lines 16-29). 

Regarding claim 35, Inaba teaches the entire claimed process of claim 24 above 
including the gate dielectric (13) is silicon oxide (col. 4, lines 29-33). 

Regarding claim 36, Inaba teaches the entire claimed process of claim 24 above 
including the gate dielectric comprises a high permittivity material. Inaba teaches the 
gate dielectric material to be silicon oxide. Since silicon oxide has a high permittivity 
compared to for example metal, Inaba inherently teaches a high permittivity material. 

Regarding claim 40, Inaba teaches the entire claimed process of claim 24 above 
including the gate electrode is polycrystalline silicon. 

Regarding claims 45 and 46, Inaba teaches (fig. 6) the entire claimed process of 
claim 24 above including the multiple gate transistor is a double gate transistor and a 
triple gate transistor. 
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Regarding claim 47, Inaba teaches the entire claimed process of claim 24 above 
including the multiple gate transistor is an omega-gate transistor (fig. 6). 

Claim Rejections - 35 USC § 103 

12. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

13. Claim 25 and 39 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Inaba. 

Regarding claims 25 and 39, Inaba teaches substantially the entire claimed 
method of claim 24 above except explicitly stating that the source-substrate junction and 
drain-substrate junction is higher than the bottom surface of the gate electrode by at 
least 50 angstroms or the thickness of the dielectric layer is between about 3 and about 
100 angstroms. 

Parameters such as height and thickness in the art of semiconductor 
manufacturing process are subject to routine experimentation and optimization to 
achieve the desired device quality during device fabrication. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to adjust the source-substrate junction, drain-substrate junction and 
the thickness of the dielectric layer as claimed in order to improve the heat conductivity 
and minimize current degradation caused by heat due to Joule effect. 
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14. Claims 26-31 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Inaba in view of Park et al. (A 40nm body-tied Finfet (OMEGA MOSFET) using bulk Si 
wafer, Physica E 19 (2003), pages 6-12). 

Regarding claim 26, Inaba teaches substantially the entire claimed method of 
claim 24 above except explicitly stating forming a mask over the bulk semiconductor 
substrate; and etching exposed regions of the semiconductor substrate to form the 
semiconductor fin. 

Park teaches (refer to device fabrication section and figs. 5a-5h) performing 
photolithography process on a bulk semiconductor substrate to form a fin structure (fig. 
5(e)) using different masking layers. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the photolithographic process taught by Park in the 
method of Inaba in order to scale down the device size. 

Regarding claim 27, Inaba teaches substantially the entire claimed method of 
claim 24 above including removing the mask (fig. 5(e)). 

Regarding claim 28, Inaba teaches substantially the entire claimed method of 
claim 24 above including the mask comprises a photoresist. 

Since the combined process of Inaba and Park teaches photolithographic 
process, it inherently teaches a mask layer comprising photoresist. 

Regarding claim 29, Inaba teaches substantially the entire claimed method of 
claim 24 above including silicon oxide as a mask layer (Park, page 8, 2 nd col. 1 st 
paragraph). 
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Regarding claim 30, Inaba teaches substantially the entire claimed method of 
claim 24 above including strapping the source and drain regions with a conductive 
material (Park, page 9). 

Regarding claim 31, Inaba teaches substantially the entire claimed method of 
claim 24 above including forming spacers on sides of the gate electrode (park, page 9, 
1 st paragraph). 

15. Claim 34 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba in 
view of Clark et al. 6,635,909. 

Regarding claim 34, Inaba teaches substantially the entire claimed method of 
claim 24 above except explicitly stating that the fin comprises silicon and germanium. 

Clark teaches a fin FET structure where the fin is formed of silicon/germanium 
layer in the process of forming a strained fin FET device. 

It would have been obvious to one of ordinary skill in the art at the time invention 
was made to substitute the fin layer in the process of Inaba with silicon/germanium as 
taught by Clark in order to improve carrier mobility that is gained due to the strained 
silicon/germanium layer. 

16. Claims 37-38 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Inaba in view of Yu US patent No. 6,342,410. 

Regarding claims 37-38, Inaba teaches substantially the entire claimed method 
of claim 24 above except explicitly stating that the gate dielectric comprises a material 
selected from the group consisting of lanthanum oxide, aluminum oxide, hafnium oxide, 
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hafnium oxynitride, and zirconium oxide, and combinations thereof or the gate dielectric 
comprises a material with a relative permittivity greater than about 5. 

Yu teaches the use of high permittivity gate dielectric material such as aluminum 
oxide with a dielectric constant of 8 in the process of forming a field effect transistor (col. 
4, lines 36-51). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the high permittivity material taught by Yu in the 
process of Inaba in order to minimize charge carrier tunneling through the gate 
dielectric. 

17. Claims 41 and 44 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Inaba in view of Yu US patent No. 6,475,890. 

Inaba teaches substantially the entire claimed method of claim 24 above except 
explicitly stating that the gate electrode comprises poly-SiGe or metal. 

Yu teaches forming gate material using poly-SiGe or various metals in the 
process of forming FET device (col. 6, lines 13-21). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the gate materials suggested by Yu in the process of Inaba 
in order to form fin transistor with improved gate conductivity. 

18. Claims 42 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba 
in view of Hu et al. US patent No. 6,413,802. 

Inaba teaches substantially the entire claimed method of claim 24 above except 
explicitly stating that the gate electrode comprises a metallic nitride. 
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Hu teaches forming a gate material using titanium nitride in the process of 
forming a fin FET transistor. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the gate material suggested by Hu in the process of Inaba in 
order to adjust the work function the gate. 

19. Claim 43 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba in 
view of Muller et al. US patent No. 6,432,829. 

Inaba teaches substantially the entire claimed method of claim 24 above except 
explicitly stating that the gate electrode comprises a metallic silicide. 

Muller teaches coating the gates with a silicide layer in the process of forming fin 
device. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the silicide layer taught by Muller in the process of 
Inaba in order to adjust the work function of the gates. 

20. Claims 48, 50-52 and 56 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Inaba in view of Yu et al. US patent No. 6,764,884. 

Regarding claim 48, Inaba teaches (fig. 6) a method of forming a semiconductor 
device, the method comprising: providing a silicon substrate (11); etching portions of the 
silicon substrate to form at least one semiconductor fin (substrate projection region, 
11a); forming a gate dielectric layer (13) over the semiconductor fin; forming a gate 
electrode (14) layer over the gate dielectric layer; etching portions of the gate electrode 
layer to form a gate electrode, the gate electrode overlying sidewalls and a top surface 
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of the semiconductor fin (refer to figs. 6 and 9); and doping the sidewall of the 
semiconductor fin above the region of material (also refer col. 8, lines 58-67 and col. 9, 
lines 1-12). 

Inaba does not teach forming a region of material adjacent portions of the 
semiconductor fin not underlying the gate electrode such that a sidewall of the 
semiconductor fin extends above an upper surface of the region of material. 

Although Inaba does not explicitly teach that a material region is not formed 
adjacent to the fin structure to protect formation of source/drain region, Inaba indicates 
the formation of source/drain region above the bottom surface of the gate. Furthermore 
the use of dielectric mask to protect the fin region from source/drain implantation is 
conventional in the art and also taught by Yu in the fabrication of a finfet structure using 
spacer regions (410) as shown in fig. 4. In addition it would have been obvious to 
remove the masking layers after source/drain implantation. 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
the invention was made to incorporate the use of spacer masking as taught by Yu in the 
process of Inaba in order to protect the region below the source/drain region from ion 
implantation. 

Regarding claim 50, Inaba teaches the entire claimed process of claim 48 above 
including forming a masking material over the silicon substrate and wherein the step of 
etching portions of the silicon substrate is performed in alignment with the masking 
material (col. 8, lines 58-67 and col. 9, lines 1-12). 
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Regarding claim 51 , Inaba teaches the entire claimed process of claim 48 above 
including removing the masking material after the semiconductor fin is formed (col. 9, 
lines 1-12). 

Regarding claim 52, Inaba teaches the entire claimed process of claim 48 above 
including the gate dielectric layer and the gate electrode layer are formed over the 
masking material (col. 8, lines 58-67 and col. 9, lines 1-12). 

Regarding claim 55, Inaba teaches the entire claimed process of claim 48 above 
including forming an isolation region (12) adjacent the semiconductor region. 

21 . Claims 49 and 53 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Inaba, Yu and in view of Clark. 

Regarding claims 49 and 53, Inaba teaches substantially the entire claimed 
method of claim 48 above except explicitly stating forming a region of material 
comprises depositing a dielectric layer or depositing an oxide material. 

It is conventional and also taught by Clark depositing dielectric layer. 

It would have been obvious to one of ordinary skill in the art at the time invention 
was made to deposit the dielectric layer in the process of Inaba as taught by Clark in 
order to have better coverage. Since an oxide material is a dielectric material, it would 
have been obvious to one of ordinary skill in the art to deposit an oxide material in the 
process of Inaba as taught by Clark in order to get better oxide coverage. 

22. Claim 54 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba, 
Yu et al. in view of Yu US patent No. 6,342,410. 
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Inaba teaches substantially the entire claimed method of claim 48 above except 
explicitly stating that the gate dielectric comprises a material with a relative permittivity 
greater than about 5. 

Yu teaches the use of high permittivity gate dielectric material such as aluminum 
oxide with a dielectric constant of 8 in the process of forming a field effect transistor (col. 
4, lines 36-51). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the permittivity material taught by Yu in the process 
of Inaba in order to minimize charge carrier tunneling through the gate dielectric. 

Conclusion 

23. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Reference G is cited as being related to finfet device. 
Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Samuel A Gebremariam whose telephone number is 
(571 ) 272-1653. The examiner can normally be reached on 8:00am-4:30pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie Lee can be reached on (571) 272-1732. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



SAG 

September 1 , 2004 
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